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The invention provides systems and methods for connecting 
an electric or hybrid electric Vehicle to a charging station. 
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Some automated vehicle positioning may occur. The vehicle 
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BS CARGE SATON - 
Step Controls Overview 
A. Wehicle cortroiler to look for CAN messages from Was for CAN traffic for is 

usetooth 
Perform periodic air pressure 
test 

B Star main routins upon receipt of charge station CAN Check for air pressure 
S. 

Set charger readiress flag uport 'eceiving good com: Check for ok front charge 
from charge station 
OSPAY which charge stafior to go to or current Serd ok to charge flag 
readiness of station 
DSP AY precise speed of bus to diver on display (x,x Check for Ok for RFD 
nigh) 
Apply filter to charge station CAN msgs based on which check for arm position up so 
side of charger (using RFI}} that ultrasonic sensor readirg 

is accurate 
OSPAY that correcior has beer Sade as soo: as 
possible. Driver will need it airing to know to stop by 
themselves no corrector signal 
No control info for initial fir piacement of bus 
DSP AY SOW DOWN is driver is going too fast, bus 
will not chage 
Monitor driver speed, disašow docking if speed too high RI wil: either come through 

ethernet to CAN gateway or 
potentiay jus: fron: eade; 
outputs 

DSP.AY bus speed and whether or rot auto control 
take place 
Wait for CAN message indicating RF has detected 
bus, 
ESre LS is in St Gear 
Upon teceipt of RFID CAN message begin vehicle 
speed initing 

Wait for signal fross ultrasoric sensor 
Potentially disallow charging if ride-height is not at 
notinal? 8etter to ie apie to accosmodate. Mayite 
use height delias 
DSP.AY, bus will stop in position 

FG. A 
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CHARGE SATON 
Step Contros Overview 

CAN message from ultrasonic sensor indicated bus Check for proper signal frost 
thas passed inder arm Lltrasonic sensos (must be 

within a window allowing for 
ride height difference) 

egin distance integration to reset point 1 (front of air 
conditioning Limit) 

eset points are specific measurements from the 
ultaSO3C Ser:Sir 
Store time to reset point 1 in a segister and check 
againsibirds 
Continus integration fross front of bus if tire to rese 
point is out of touris 
Rese: R&dration if point if in bounds 
Begin distance integration to reset port 2 (back of air 
conditioning lini 
watchdog tire to reset point 2 based or awg speed 
Stone time to reset point 2 in a Register and check 
against bords 
Check i.e. iO initia sitegratio as a goesia back-L: 
Wait for final location point 3 portion of ramp that is 
ower by severa inches in) 

Incorrect Left and Right location will Book ikero slot to El the measurerrent sensor 

?h lf finai point measurement and time ase both ok, 
egir us stop outine 

it is parking brake is set neas diver stop bus too soon 
if driver stops too soon, OSPLAY, to charge us, 
seease brake and pull ahead slowly when saie. Sus 
will automaticaisy stop in the correct positior 
Rap bus speed to 2eto using eger (this should be 
doine in as short a time as comfortably possible) 
Wait for bus to reach zero speed 
shift - 
w 

Shift to esta 
apoly reas doo biake interock 
DISPLAY waiting fox charge art to lower, bus will 
ove ahead automatically 

FC B 
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CARGE SATON SS 
Step Controis Overview 

eqir ar; owe su-Gustine 
send signal that bus is in position 

"tower'am" 
check for arts overten by loss of horse position 
check fox art cylinder down and then wait for head 
dow mic:OSwitches 

actuate arm down solenoid 
send aim mowing, dowr and 
head down Switch Sidrals 

orce all switches are good, begin final bus movement 
st-folities 

FG. C. 

BUS I CHARGE STATION 
Step Controis Overview 

DISPLAY bus wii move forward automatically and 
this: stop to cars Sease rake &da. 
check for driver of peda 
eggs, as was possible move bus siowly and smoothi 

gainstegation asson as bus move to use a watchdog 
wait for pilot signai to ridicate head in position 
Autostop bus once in position using the same N to a poston using he same 

P"Regen bus to zero" 
shift trarsission to natural 
apply rear door bake interock 
DISPLAY set park brake to allow doors to open and 
bus to charge 

Q check for parking brake 
R allow doors to open 

DISPLAY bus charging Check for pilot sigrat front 
charger 

F. O 
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SS CARGE SATON 
Step 
S. Begin chaging Stroutine 

send signal to exterid ground brush extend grounding bush air 
cylinder 

Wai Oi grou: rush extended 
Sendag signal or cine to ensuite ground is scorinected? 
Signal charge brushes to exter:8 extend charging brush air 

cylinders 
wait fo: ai O rushes to exterd 

bat woltage 
U. Ck to start charging charge to report tire to 

charge? -- 
W DISPLAY charging, tire to corriglete of percent full? Close cisi:ibution box 

Citats 

from BIS, separt for charger, switches 

G is 

BS CARGE SATON 
Controis Owerwiey 
Log charge tetrics when charge compete (time. SOC 
ini, SCG finai, total Rowe, peakeuteni, faults 
Begin chage done. Stroutine 

oper distibution box 
{C}} tacCSS 

stop charging 

*eease chaige brushes 
ešease ground 

signa eiease brushes 
wait of a ten brushes to get home 

BB 

Raise aim 
& Sue 3m S&ats OS8 for 
next tire 
cycle brushes as a 
preventative maintenance 
actor? 

Sinai Seease CiCLind 
wait of ground to get home 

signa aise aim 

wait for loss of head micro switches befoe allowing 
driver $o move 
Rešease rear-door otake interlock and alloy 
Gweler 

DISPLAY charge compiets, resease parking brake and 
select gear to drive away 
DISPLAYSCC or futi fuelgauge? 

FG, TF 
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"BUS"T"CHARGE STATON" 
Step Contros Overview 
FAULT fault sub-routine 
T signa charger to stop TT 

feisease brushes 
disabe rear-door rake intestock 
allow bus movement if diver uses pedais and 
reiseases bake 
signa arm up 
tag fault code 
DISPLAY Charging stopped, contact suppot (number 
or normal Oile Quitine) 

REQ ire DISRLAY MESSAGES - 
charging station and 2 ready...or not ready, etc. 
Communication estabiished, please drive slow to 
Smph before charge station or auto charge wiš not 
take place(one) 

Speed ok, chagrgwil take place, always be 
prepared to stop is required 
Agry parted lire with steering column 
SLOWOWN, too fast bus wit not charge 
To charge bus, resease baks and put ahead slowly 
whers safe. Bus will automatically stop 
Approaching initial stop position, L3S will 
autotatically stop, fetease brake if safe, (togne that 
gets quicker as bus moves closer) 
Waiting for charge an to over, bus will move ahead 

Accurate speed xx mph) tone if too fast 

autoitatically to Carde. Release fake i Safe 

initiating braketoslar charge and allow doors to open 
Bus charging battery SOC gauge) 
FAUT, ous not charged, contact mainterance 
Ciharging cosplete, select dive and release parking 
brake wine teady 
Bus out of position, drive aroundard try and again, 
do not backup 
passwoid access: diagrostic screen indicating battery 
specifics and fault codes 

FG, G 
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SYSTEMS AND METHODS FOR AUTOMATIC 
CONNECTION AND CHARGING OF AN 
ELECTRIC VEHICLE ATA CHARGING 

STATION 

CROSS-REFERENCE 

This application claims the benefit of U.S. Provisional 
Application No. 61/328,152, filed Apr. 26, 2010, which appli 
cation is incorporated herein by reference in its entirety. 10 

BACKGROUND OF THE INVENTION 

Heavy duty battery electric, vehicles can require relatively 
frequent charging to operate in normal service. Frequent 15 
charging at predetermined chanting station locations enables 
energy storage systems to be sized with more certainty lead 
ing to reduce size, mass, and cost of systems. That required 
frequency of charging means that manual connection, such as 
physically plugging the vehicle in, to a charger is not accept- 20 
able. Traditionally, manually connecting the vehicle requires 
the driver park and then carry high Voltage cables to plug in 
the vehicle. In a transit center distances to charging station 
equipment could be quite far from the bus leading to long 
lengths of heavy gage high Voltage cable to reach the vehicle. 25 
Not only is this a distraction, it is not typical job task for 
drivers. 

Therefore, a need exists for improved systems and methods 
for connecting an electric vehicle to a charging station. A 
further need exists for systems and methods that provide a 30 
control strategy for automatically providing such a connec 
tion and for Subsequent charging of on-board vehicle batter 
1CS 

SUMMARY OF THE INVENTION 35 

The invention provides systems and methods for connect 
ing an electric or hybrid electric Vehicle to a charging station. 
The invention further provides a control strategy for subse 
quent charging of onboard batteries. Various aspects of the 40 
invention described herein may be applied to any of the par 
ticular applications set forth below or for any other types of 
vehicles. The invention may be applied as a standalone sys 
tem or method, or as part of an integrated transportation 
system, Such as a bus system or other public transportation 45 
system. It shall be understood that different aspects of the 
invention can be appreciated individually, collectively, or in 
combination with each other. 

In accordance with some aspects of the invention, absolute 
reliability and repeatability of the docking and charging pro- 50 
cess may be desired to ensure continued operation. Due to the 
relatively harsh environment in which heavy duty vehicles 
operate, both the docking and battery charging process itself 
may preferably be capable of handlinga wide range of system 
variability and conditions. 55 
Some specific specifications that may be desirable may 

include the following. Charging would preferably be per 
formed on route to prevent having to remove vehicle from 
service and drive to a special charging station, thereby reduc 
ing duty cycle. On route charging station preferably allows 60 
different, non battery electric vehicles to pass through the 
station while correctly identifying when battery electric 
vehicles are in the terminal and require changing. For 
example, a compressed natural gas (CNG) or diesel powered 
vehicle may be allowed to use the same terminal as the battery 65 
electric Vehicle. This means the docking and charging equip 
ment preferably remains unobtrusive until required for use. 

2 
A vehicle's approach and dock with a charger is preferably 

safe, reliable and repeatable. A vehicle connection process 
may advantageously have reduced or minimal driver interac 
tion and limited change to driver behavior. 
An aspect of the invention may be to automate all or nearly 

all of the entire charging process for an electric vehicle. The 
vehicle may connect (dock) automatically with the charge 
station and the battery charge process may take place auto 
matically. This automated process ensures a proper charge 
every time and may allow for continuous, efficient operation 
of the vehicle. 

Other goals and advantages of the invention will be further 
appreciated and understood when considered in conjunction 
with the following description and accompanying drawings. 
While the following description may contain specific details 
describing particular embodiments of the invention, this 
should not be construed as limitations to the scope of the 
invention but rather as an exemplification of preferable 
embodiments. For each aspect of the invention, many varia 
tions are possible as Suggested herein that are known to those 
of ordinary skill in the art. A variety of changes and modifi 
cations can be made within the scope of the invention without 
departing from the spirit thereof 

INCORPORATION BY REFERENCE 

All publications, patents, and patent applications men 
tioned in this specification are herein incorporated by refer 
ence to the same extent as if each individual publication, 
patent, or patent application was specifically and individually 
indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features of the invention are set forth with par 
ticularity in the appended claims. A better understanding of 
the features and advantages of the present invention will be 
obtained by reference to the following detailed description 
that sets forth illustrative embodiments, in which the prin 
ciples of the invention are utilized, and the accompanying 
drawings of which: 

FIG. 1 shows an example of a vehicle approaching a charg 
ing station. 

FIG. 2 shows an example of a vehicle engaged with a 
charging station. 

FIG. 3 shows an example of a charging connection of a 
charging station. 

FIG. 4 provides a high level depiction of an automated 
charging method. 

FIG. 5 provides a depiction of an automated charging 
method in accordance with an embodiment of the invention. 

FIG. 6A-F provides a block diagram for a docking and 
charging procedure as provided in an embodiment of the 
invention. 

FIG. 7A-G provides a table describing the steps for an 
automatic docking and charging procedure. 

DETAILED DESCRIPTION OF THE INVENTION 

While preferable embodiments of the invention have been 
shown and described herein, it will be obvious to those skilled 
in the art that such embodiments are provided by way of 
example only. Numerous variations, changes, and Substitu 
tions will now occur to those skilled in the art without depart 
ing from the invention. It should be understood that various 
alternatives to the embodiments of the invention described 
herein may be employed in practicing the invention. 
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The invention provides for systems and methods for con 
necting an electric vehicle to a charging station. The invention 
further comprises systems and methods for charging the elec 
tric vehicle at the charging station. One aspect of the invention 
provides for automated connection between the vehicle and 
the charging station for charging of on-board vehicle batter 
ies. The charging station may be used to transfer power to any 
electric vehicle, hybrid electric vehicle, or any other vehicle 
that may include a propulsion power source. Such as a battery, 
ultra-capacitor, or any other energy storage system. In some 
embodiments, an electrically powered vehicle may be a heavy 
duty vehicle, such as a bus or truck. 

For example, electrical vehicles powered by the system 
may include a transit bus, a School bus, a delivery van, a 
shuttle bus, a tractor trailer, a class 5 truck (weighing 16,001 
19,500 lbs., two-axle, six-tire single unit), a class 6 truck 
neighing 19,501-26,000 lbs., three-axle single unit), a class 7 
truck (weighing 26,001-33,000 lbs., four or more axle single 
unit), a class 8 truck (weighing 33,000 lbs. and over, four or 
less axle single trailer), a vehicle with a GVWR weighing 
over 14,000 pounds, a vehicle with a cargo to driver mass ratio 
of 15:1 or greater, a vehicle with six or more tires, a vehicle 
with three or more axles, or any other type of high occupancy 
or heavy-duty vehicle. In some embodiments, a charging 
station may charge any other electric Vehicle, including pas 
senger vehicles. Any discussion herein of electric Vehicles or 
electrically powered vehicles may refer to any type of vehicle 
discussed and vice versa. 

System 
An example of automatic docking and charging of a battery 

electric Vehicle involves an urban bus operating on a fixed, 
cyclical route. The bus may have on-board batteries to store 
enough energy to make one or more complete cycles of its 
assigned route, or legs of its assigned route. One or more of 
the stops on the route may be at a battery charging station. 
While the driver takes his normal break the vehicle is auto 
matically docked and the batteries charged for the next route 
cycle. A charging station may or may not be integrated with a 
passenger stop. Upon final vehicle positioning relative to the 
charger (vehicle docked), the doors may be opened and pas 
sengers are allowed to enter and exit. The control system may 
be provided such that little to no additional driver interaction, 
beyond typical bus driving skills, is required to dock and 
charge the vehicle. Preferably, each step or many of the steps 
of the process may be automatic and error tolerant. 

This process may result in a system Suitable for placement 
at a typical transit central station without the need for a 
special, battery electric bus charging station only bus stop. 

In some embodiments of the invention, the charging station 
can comprise a charging connection, Such as a charging chas 
sis or overhang, Suspended from a charging mount for estab 
lishing an electrical connection between the charging station 
and the electrically powered vehicle. A charging connection 
may have any configuration, which may include a charging 
arm or base that may be provided from a side or base of a 
charging station. The charging connection may have any ori 
entation, which may include a downward hanging orienta 
tion, an upward extending orientation, a horizontal extending 
orientation, an angled orientation, or any combination 
thereof. The charging connection can comprise a positioning 
device for controlling the position or orientation of the charg 
ing connection. A power source may be provided to or at the 
charging station. In some instances, the power source may be 
a grid utility, battery, capacitor, ultracapacitor, fuel cell, gen 
erator, renewable energy source (e.g., Solar, wind, hydrody 

10 

15 

25 

30 

35 

40 

45 

50 
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60 
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4 
namic geothermal, etc.), or any other power Source. The 
power Source may be in electrical communication with the 
charging connection. 

Another aspect of the invention provides for an electric 
vehicle comprising contact plates for establishing an electri 
cal connection to a charging station. The contact plates can be 
positioned on a top surface of the electric vehicle and be 
positioned in a direction that is relatively parallel to a direc 
tion of vehicle movement. For example, the contact plates 
may be spaced apart on the top Surface of the electric Vehicle. 
Alternatively, the contact plates may be provided on a side of 
the vehicle, or under the vehicle, or anywhere along a Surface 
of the vehicle. The contact plates may be exposed on the 
surface of a vehicle, or may be provided beneath a cover. The 
electric Vehicle may have one or more energy storage system 
(e.g., batteries, capacitors, ultracapacitors, fuel cell, etc). The 
one or more energy storage system may be in electrical com 
munication with the contact plates. 
The methods of the invention include transferring power to 

a vehicle using a charging station. Transferring power to the 
vehicle can comprise positioning the vehicle under a charging 
mount of the charging station and engaging a charging con 
nection, such as a pantograph, catenary arm, charging chassis 
or frame, or charging overhang to establish an electrical con 
nection between the charging station and the vehicle. Trans 
ferring power may include any form of electrical connection 
between a charging connection (which may have any position 
or orientation) and one or more contact plate (which may be 
located anywhere on the vehicle). A vehicle may be charged 
and/or discharged by establishing electrical communication 
between a power source and an energy storage system of the 
electric vehicle. For instance, an electrical connection may be 
made between the power source and charging connection, 
between the charging connection and contact plate, and 
between the contact plate and energy storage system. 

Examples of configurations for the charging station and/or 
electric vehicles may include aspects, components, features, 
or steps provided in U.S. patent application Ser. No. 
12/496569 filed Jul. 1, 2009: U.S. patent application Ser. No. 
61/289755 filed Dec. 23, 2009; U.S. patent application Ser. 
No. 61/328,143 (705.101) filed Apr. 26, 2010; U.S. Pat. Nos. 
5,461,298; 5,821,731; U.S. Pat. No. RE 29,994: E.P. Patent 
Application No. 2014505; EP Patent Application No. 
1997668; PCT Publication No, WO 2008/107767; PCT Pub 
lication No. WO2009/014543, which are hereby incorporated 
by reference in their entirety. 

FIG. 1 shows an example of a vehicle approaching a charg 
ing station, in a vehicle charging system provided in accor 
dance with an embodiment of the invention. A vehicle charg 
ing system may include a charging station 100 and a vehicle 
110 configured to interface with the charging station. 

In some embodiments, the charging station 100 may be 
provided on a portable, semi-portable, or permanent fixed 
platform. In some instances, the charging station may be 
movable from one location to another. In some instances, it 
may be easily deployed at a location, but generally remain 
fixed at that location. It may also be fixedly integrated into a 
permanent structure. One example may involve a semi-por 
table trailer or skid mounted fast charge station. A fast charge 
station may include a charge pole 120 and vehicle connector 
head 122, a stationary energy storage module 124, one or 
more signal receiver 126, and one or more sensor 128. 
The charging station may include an electrical connector 

between the stationary energy storage system 124 and a 
charging interface, which may be provided on a vehicle con 
nector head 122. The electrical connector may beformed of a 
conductive material. Such as a metal. Such as copper, alumi 
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num, silver, gold, or any combination or alloy thereof. In 
Some instances, non-metallic conductive materials may be 
used. In some embodiments, the electrical connector may be 
formed of one or more wires, bars, plates, or any other shape 
or configuration. 
The charging station may include a charge pole 120. In 

Some embodiments, the charge pole may be collapsible. The 
charge pole may include an overhanging arm, which may 
reach over a vehicle when the vehicle interfaces with the 
charging station. For example, a catenary arm may hang down 
from a protrusion over the vehicle, and extend downward 
and/oratanangle to the vehicle. Alternatively, the charge pole 
may protrude from a structure, or from a base or ground. The 
charge pole may enable an electrical connection to be made 
with the vehicle on the top of the vehicle, on a side of the 
vehicle, or underneath the vehicle. The charge pole may be 
collapsible, or be able to be unassembled for easy transport. 
The charge pole may have an elongated shape, or may have 
any other shape. The charge pole may be integral with a 
structure or separate from another structure. 
The charge pole 120 may be connected to a vehicle con 

nector head 122. The vehicle connector head may provide an 
electrical interface for the charging station 100 for electrically 
connecting with an electrical interface of the vehicle 110. As 
previously mentioned, the vehicle connector head may elec 
trically interface with the vehicle, anywhere along the surface 
of the vehicle. The vehicle connector head and any other 
portion of the charging station may have a configuration that 
may electrically connect to a vehicle energy storage system to 
enable the charging and/or discharging of the vehicle energy 
Storage System. 

In some examples, a charging interface on the charging 
station may include a positive electrode and a negative elec 
trode. The positive and negative electrodes may be electri 
cally isolated and insulated from one another. The positive 
and negative electrodes may each be in electrical communi 
cation with the stationary energy storage system. One or more 
guiding feature may be provided on the charging station, 
which may enable the vehicle to drive up to the charging 
station and interface with the charging station. For example, a 
vehicle may drive beneath an overhanging catenary arm of a 
charging station with a fast charge electrical interface, and 
contact the fast charge electrical interface with an electrical 
interface on top of the vehicle. The structure of the charging 
station and/or guiding feature may include flexible compo 
nents or features that may accommodate variations in vehicle 
size, shape, or direction of travel. The charging station may 
also include an interface that may ensure a solid electrical 
connection between electrical interface of the charging sta 
tion and of the vehicle. For example, one or more pressure 
component, which may utilize a feature Such as a spring or 
elastic, oran irregular suffice, such as brushes, may be used to 
ensure contact between the charging station and the vehicle. 
The charging station may include a stationary energy stor 

age system 124. Alternatively, the charging station may be 
directly connected to an external energy source without 
requiring a stationary energy storage system. The stationary 
energy storage system may include one or more battery, ult 
racapacitor, capacitor, fuel cell, or any other way of storing 
energy. In some examples, the stationary energy storage may 
include one or more electrochemical batteries. The stationary 
energy storage may include batteries with any battery chem 
istry known in the art or later developed. Some batteries may 
include, but are not limited to, lead-acid (“flooded and 
VRLA) batteries, NiCad batteries, nickel metal hydride bat 
teries, lithium ion batteries, Li-ion polymer batteries, lithium 
titanate batteries, zinc-air batteries or molten salt batteries. 
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6 
The same storage units or cells may be used, or varying 
combinations of energy storage units or cells may be used. 
The energy storage units may be connected in series, or par 
allel, or any combination thereof. In some embodiments, 
groupings of energy storage units may be provided in series or 
in parallel, or any combination. 

In some embodiments, a stationary energy storage system 
may be provided within a housing of the charging station. In 
Some embodiments, the energy storage units may all be pro 
vided within a single housing or pack, or may be distributed 
among multiple housings or packs. As previously mentioned, 
the stationary energy storage system may be electrically con 
nected to a fast charging interface 122. In some embodiments, 
one or more groupings of energy storage units (e.g., battery 
cells) may be directly or indirectly connected to the fast 
charging interface via one or more electrical connection. 
An external energy source may be a utility or grid. In other 

embodiments, the external energy source may be an energy 
generator, such as any form of electricity generator. The 
external energy source may or may not include power sources 
Such as power plants, or renewable energy sources such as 
Solar power, wind power, hydropower, biofuel, or geothermal 
energy. In some embodiments, the external energy source 
may include an external energy storage system, which may 
include batteries, ultracapacitors, fuel cells, or so forth. 
The external energy source may electrically connect to a 

stationary energy storage system 124. Alternatively, the exter 
nal energy source may be electrically connected to a vehicle 
connector head 122 without requiring a stationary energy 
Storage System. 
The charging station may include a controller. The control 

ler may be able to control the rate of charge for the stationary 
energy storage system from the external energy source. The 
controller may also permit or not permit the stationary energy 
storage system to be charged. In some embodiments, the 
controller may determine whether the stationary energy Stor 
age system is charged, discharged, or if nothing happens. In 
some instances, the controller may be able to detect or receive 
information relating to the state of charge of the stationary 
energy storage system. Any control system may be consoli 
dated or distributed over multiple components. Any action 
taken by the controller or within a vehicle charging system 
may be directed by tangible computer readable media, code, 
instructions, or logic thereof These may be stored in a 
memory. 
A vehicle charging system may also include a vehicle 110. 

Any vehicle may be able to interface with the charging sta 
tion. The vehicle may be an electric or hybrid electric vehicle. 
In some embodiments, the vehicle may be a bus. The vehicle 
may also be other heavy-duty or high occupancy vehicles, as 
discussed previously. Any discussion herein relating to a 
vehicle may relate to any type of vehicle, and any discussion 
relating to a specific type of vehicle may relate to other types 
of vehicles. 
A vehicle 110 may have a vehicle energy storage system 

130. The vehicle energy storage system may be used as a 
propulsion power source for the vehicle. The vehicle energy 
storage system may include batteries. In some embodiments 
of the invention, the vehicle may have one or more additional 
power Sources, such as a combustion engine or a fuel cell. The 
vehicle may be an electric battery-powered vehicle or a 
hybrid electric vehicle, and may be able to use the same basic 
battery configuration, drive motor, and controller, regardless 
of whether the vehicle is an all-battery vehicle or a hybrid 
vehicle. 

In one embodiment of the invention, the vehicle energy 
storage system may include lithium titanate batteries. In some 
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implementations, the propulsion power source may in dude 
batteries that are only lithium titanate batteries, without 
requiring any other types of batteries. The lithium titanate 
batteries may include any formator composition known in the 
art. See, e.g., U.S. Patent Publication No. 2007/0284159, U.S. 
Patent Publication No. 2005/0132562, U.S. Patent Publica 
tion No. 2005/0214466, U.S. Pat. Nos. 6,890,510, 6,974,566, 
and U.S. Pat. No. 6,881,393, which are hereby incorporated 
by reference in their entirety. 

In accordance with another embodiment of the invention, 
the vehicle energy storage system may include batteries with 
any battery chemistry known in the art or later developed. 
Such electric or hybrid electric vehicle batteries may include, 
but are not limited to, lead-acid (“flooded and VRLA) bat 
teries, NiCadbatteries, nickel metal hydride batteries, lithium 
ion batteries, Li-ion polymer batteries, zinc-air batteries or 
molten salt batteries. In some alternate embodiments, the 
vehicle energy storage systems may include a combination of 
lithium titanate batteries and other types of batteries or ultra 
capacitors. 
The use of lithium titanate batteries may enable rapid 

charging of a vehicle, and along battery life. In Sonic embodi 
ments of the invention a vehicle energy storage system may 
be able to charge to a very high State of charge within minutes. 
For instance, in a preferable embodiment, vehicle energy 
storage system may be able to charge to over 95% state of 
charge within ten minutes. In other embodiments of the 
invention, a vehicle energy storage system may be able to 
charge to over 65% state of charge, over 70% state of charge, 
over 75% state of charge, over 80% state of charge, over 85% 
state of charge, over 90% state of charge, or over 95% state of 
charge within ten minutes, or nine minutes, seven minutes, 
five minutes, three minutes, or one minute. 

In some embodiments, a vehicle, such as a heavy-duty 
vehicle, may travel a predetermined route, and stop at prede 
termined points for recharging. See, e.g., U.S. Pat. No. 3,955, 
657, which is hereby incorporated by reference in its entirety. 
The vehicle 110 may have a vehicle charging interface 132 

which may be capable of making electrical contact with the 
charging station 100. The vehicle charging interface may 
include a conductive material, which may include any of the 
conductive materials discussed elsewhere herein. In some 
embodiments, the vehicle charging interface may be provided 
at the top of the vehicle, while in other embodiments, it may 
be provided on a side or bottom of the vehicle. The vehicle 
charging interface may be electrically connected to a vehicle 
energy storage system 130. They may be connected via an 
electrical connection of the vehicle. The electrical connector 
may be formed of a conductive material. In some embodi 
ments, the vehicle charging interface may include a positive 
and negative electrode. In some embodiments, the electrical 
connection may include separate electrical connectors for the 
positive and negative electrodes to the vehicle energy storage 
system. The positive and negative electrodes may be electri 
cally insulated and/or isolated from one another. 
The vehicle 110 may include one or more signal emitter 

134. The signal emitter may provide a signal from the vehicle 
to a signal receiver 126 at the charging station 100. Any type 
of signal may be provided from the vehicle to the charging 
station. In some instances, a unidirectional signal may be 
provided from the vehicle to the charging station. Alterna 
tively, a signal may be provided from the charging station to 
the vehicle, and/or a two-way communication may be estab 
lished between the vehicle and charging station. Thus, a sig 
nal emitter 134 and a signal receiver 126 may be able to both 
emit and receive signals. Preferably, the signal may be trans 
mitted wirelessly between the vehicle and charging station. 
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8 
Examples of wireless signals may include, but are not limited 
to, radio-frequency (e.g., RFID) signals, bluetooth, control 
area-network (CAN) messages, or any otherform of commu 
nication. A signal between the vehicle and charging station 
may be received when the vehicle and charging station are 
within some proximity to one another. For example, the signal 
may be received when they are about/2 mile, 4 mile, /8 mile, 
100 meters, 50 meters, 40 meters, 30 meters, 25 meter, 20 
meters, 15 meters, 10 meters, 5 meters, 3 meters, or 1 meter of 
one another. 
The signal may include information about the vehicle's 

location or position relative to the charging station, the vehi 
cle's orientation, the vehicle's identification, the state of 
charge of a vehicle energy storage system, or any other infor 
mation. 
An aspect of the invention may provide automatic detec 

tion of the vehicle as it nears charging station and recognition 
of which vehicle is entering which particular charging station. 
In some embodiments, the detection of the vehicle as it nears 
and/or the identification of the vehicle may be provided via 
one or more signal that may be exchanged between the 
vehicle and the charging station. In some embodiments. Such 
identification may be provided using RFID. 
An RFID reader may read a tag located on incoming bus at 

it enters charger station. The RFID reader may be a signal 
receiver on a charging station, and the tag may be a signal 
emitter on a vehicle. The read tag ID may be communicated to 
the charge station controller by means of digital outputs acti 
vated as a binary number (example: bus tag ID 4 is output as 
01.00). This binary number may be interpreted by the charge 
station controller and broadcast over CAN. This eliminates 
the need to have an additional computer system to interpret 
the output of the RFID reader. 

In some embodiments, each vehicle may have a unique tag 
ID. This may allow the charging station to identify and/or 
track specific vehicles. For example, each bus in a fleet of 
buses may have a unique tag ID. The tag ID may or may not 
be provided in binary. Alternatively, one or more vehicles 
may have the same tag ID. In some embodiments, the tag ID 
may denote a group of vehicles, or category of vehicles. For 
example, all buses having aparticular configuration may have 
aparticular tag ID, while another set of vehicles with different 
characteristics may have another tag ID. The tag ID may be 
provided with sufficient specificity to determine how a charg 
ing station may react to the vehicle. For example, a first 
vehicle category may have a first set of dimensions that may 
require the charging station to accommodate the first set of 
dimensions, while a second vehicle category may have a 
second set of dimensions that may require the charging sta 
tion to assume a different configuration to accommodate the 
second set of dimensions. In some embodiments, a plurality 
oftag IDS may be provided (e.g., a tag ID for a specific vehicle 
and a tag ID for a type of vehicle). 
A controller area network (CAN) communication between 

the vehicle and the charge station may be provided via a 
wireless communication link (e.g., Bluetooth link). If the 
approaching vehicle is detected to be a non-battery electric 
vehicle, no action may automatically be taken. For example, 
if a vehicle is not meant to be charged at the charging station, 
the vehicle may be permitted to pass through or pass by the 
charging station without engaging with the charging station. 
In another example, if the vehicle is configured to be able to 
interface with the charging station, but it is detected that 
charging is not desired at that point intime, the vehicle may be 
permitted to pass through or pass by the charging station 
without engaging the charging station. 
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If the approaching vehicle is detected to be a vehicle that 
may interface with the charging station, and/or to be at a state 
of charge where it may be desirable to charge the vehicle, the 
charging station, then charging procedures may be initiated. 
In some embodiments, each vehicle may recognize its own 
broadcast ID (e.g., from RFID ID CAN message sent from 
charge station) upon entering a particular charge station and 
may automatically begin to transmit proper response CAN 
messages required for docking and charging at that particular 
charger station. The incoming vehicle may begin communi 
cating with a specific charger upon seeing its ID broadcast by 
the charging station. 

In some embodiments, a charging station may have one 
charging connection. Alternatively, a charging station may 
have a plurality of charging connections. When a plurality of 
charging stations are provided, a vehicle may be directed to 
the appropriate charging connection by seeing its ID broad 
cast the charging station near the correct charging connection. 
As a vehicle approaches the charging station, there may be 

Some gentle speed limiting of vehicle in preparation for auto 
matically stopping in the proper location to mate with the 
charger. 

Precise calculation of vehicle position with respect to 
charger docking position may be provided through the use of 
time/distance integration using very accurate measurement of 
drive axle rotation. For example, fractional (e.g., resolution of 
/64, /32, /16, /s, 4, /2, of a revolution) measurement of motor 
revolutionxknown distance per revolution precise distance 
traveled. This may be combined with feedback from the 
charger about when the vehicle passes a certain point (from a 
sensor 128 on the charge station) thus yielding position with 
respect to the charger. Any other technique may be provided 
to provide or calculate a relative position between the vehicle 
and the charger. Various sensors may be provided in proxim 
ity to the charger, which may include but are not limited to, 
weight sensors, light sensors, motion sensors, temperature 
sensors, magnetic field sensors, gravity sensors, vibration 
sensors, pressure sensors, electrical field sensors, Sound sen 
sors, or sensors that may detect other physical aspects. 

In some implementations, vehicle position verification 
using topographic "mapping of the top of the vehicle may be 
provided. Similarly, vehicle position verification or mapping 
of the vehicle may be provided from the bottom of the vehicle, 
side of the vehicle, or along any orientation of the vehicle. 
Vertical distance to specific, known features on the roof of the 
vehicle may be measured using a linear distance sensor 
mounted above, below, or on the side of the vehicle. Mea 
Surements may be matched to known dimensions on the roof 
to ensure accurate location of vehicle, both fore-aft and left 
right. This feature may ensure the docking arm is brought 
down in the correct location to mate with the vehicle. In 
addition, this feature may allow the rejection of other, non 
battery electric vehicles. 

Automatic stoppage of vehicle in proper location to dock 
with charger may be provided. In some embodiments, the 
automatic stopping may occur via application of on-board 
regenerative braking. For example, a signal may be provided 
from the charging station to the vehicle in order to instruct the 
vehicle to engage the brakes. The signal may be provided to a 
vehicle controller which may provide signals to driving 
mechanisms of the vehicle (e.g., brakes, motor, steering). In 
Some instances, there may be automatically controlled for 
ward movement of vehicle to fully seat the charger. Similarly, 
signals may be provided between the charging station and the 
vehicle to inform the vehicle to move forward in a particular 
manner. The signal may cause a motor speed to be controlled, 
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10 
and thereby a vehicle speed to be controlled. For example, the 
signal may inform a motor to slow down, thereby causing the 
vehicle to slow down. 

In some embodiments. Such controls may be similar to 
automatic docking of the vehicle with the charger. The driv 
ing controls of the vehicle may be engaged based on signals 
between the vehicle and charging station, and the direction 
and/or speed of the vehicle may be controlled to bring the 
vehicle to a desired position and/or orientation. Such control 
signal ma originate from a charging station controller and/or 
vehicle controller. In some embodiments, a driver may or may 
not be able to manually override the vehicle control. In some 
embodiments, normal operation of brake and acceleratorped 
als is retained so that driver can stop or drive away at any time 
if required in the event of an emergency. In some embodi 
ments, components or features of the charging station may 
move to assist with the engagement between the vehicle and 
the charger. For example, a driver may bring a vehicle roughly 
to a desired location, and one or more features of the charging 
station may be adjusted to accommodate the vehicle. 
CAN message arbitration may allow multiple vehicles to 

use the same charge station at the same time. For example, if 
multiple signals are provided between multiple vehicles and 
the same charge station, the CAN may be able to track which 
signals are applicable to which vehicles. In some embodi 
ments, the tag ID of each vehicle may be provided with each 
of the emitted signals, so relayed instructions may be tracked 
to the proper vehicle. 

Drivers LCD screen displays information about docking 
procedure and is used to give any required instructions or 
communicate faults. 

In some embodiments, one or more charge station control 
system inputs may be provided. Such inputs may be provided 
from the vehicle, or from the charging station. Some 
examples of inputs that may be provided may include, but are 
not limited to, charge arm up position, charge arm down 
position, current passing brushes position, neutral brush posi 
tion, charge head landed on vehicle position, charge head 
over-temperature, individual (10) brush currents, air supply 
pressure, RFID Tag ID from RFID reader, ultrasonic linear 
distance measurement. CAN messages from bus (e.g., bus 
readiness for charge status, charge arm commands, battery 
charging requirements), or CAN message from chargers (e.g., 
charger readiness status, instant charge Voltage, current and 
power, cumulative energy delivered). 

Accordingly, one or more charge station control system 
outputs may be provided. Such outputs may include, but are 
not limited to, charge arm down Solenoid, charge arm up 
Solenoid, extend current passing brushes Solenoid, extend 
neutral brush solenoid, or CAN messages (e.g., RFID Bus ID, 
position of arm status, position of brushes status, ultrasonic 
measurement, charge station readiness status). 

In some embodiments, the following automatic charge sta 
tion docking control system features may be provided. For 
example, a docking procedure may be tolerant of driver stop 
ping too early (prior to auto stop) or being out of position 
(left-right) and may instruct driver to reposition or try again. 
In some embodiments, a driver can stop or exit from docking 
procedure at any time simply by releasing parking brake or 
driving away. 
A CAN system status message can terminate process in the 

event of a failure after a period of time by sending error 
message to chargers and bus. The period of time may have any 
value include, but not limited to, 1 ms, 5 ms, 10 ms, 50ms, 100 
ms, 150 ms, 200ms, 250ms, 300ms, 350 ms, 400ms, 450 ms, 
500 ms, 600 ms, 750 ms, 1 second, 1.5 seconds, 2 seconds, 3 
seconds, 5 seconds, 10 seconds, 30 seconds, or 1 minute. 
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The vehicle charging system may include any of the com 
ponents, features, characteristics, or incorporate any of the 
steps involved with a vehicle, such as one described in U.S. 
Patent Publication No. 2010/0025132, which is hereby incor 
porated by reference in its Entirety. 

FIG. 2 shows an example of a vehicle 200 engaged with a 
charging station 210. For example, the vehicle may be 
beneath an overhanging arm 220 of the charging station. A 
charging head 224 may be connected to the overhanging arm 
via an arm connection assembly 222. In some embodiments, 
the arm connection assembly may be hanging downward 
and/or at an angle. The charging head may contact a vehicle 
charging interface 230 on the vehicle. In some embodiments, 
the vehicle charging interface may include one or more 
guides that may assist with guiding the charging head to a 
desired location of the vehicle charging interface. 
The vehicle charging interface 230 may electrically contact 

a charging head 224. This may enable an energy source from 
the charging station to be electrically connected to the vehicle 
energy storage system. They may be electrically connected 
via a fast charging interface. The fast charging interface may 
enable control over the rate of charge and/or discharge of the 
vehicle energy storage system by the stationary energy Stor 
age system. In some embodiments, a controller may be pro 
vided on the charging station or on the vehicle that may 
control the rate of charge and/or discharge of the vehicle 
energy storage system. The controller may also permit or not 
permit charging of the vehicle energy storage system. In some 
embodiments, the controller may determine whether the 
vehicle energy storage system is charged, discharged, or if 
nothing happens. 
As previously described, a vehicle may approach a charg 

ing station and come into contact with the charging station to 
establish a charge electrical interface. When the vehicle 
comes into contact with the charging station, an energy Stor 
age S. stem on the vehicle may be charged by a stationary 
energy storage system of the charging station, an external 
energy source, or any energy source upstream of the fast 
charge electrical interface. A stationary energy storage sys 
tem may be electrically connected to an external energy 
Source via a slow charger. 

In some embodiments, multiple stationary energy storage 
systems may be provided. These stationary energy storage 
systems may be provided in series, in parallel, or in any 
combination thereof. Each of the stationary energy storage 
systems may be charged and/or discharged at the same rate or 
at different rates. In some embodiments, each stationary 
energy storage system may be discharged at a faster rate than 
it is charged. 

In accordance with an implementation of the invention, a 
vehicle may make a mechanical connection (pilot) to the 
charger head to enable charging. If this mechanical connec 
tion is lost, charging can stop after a period of time. In some 
embodiments, the period of time may have a predetermined 
value. For example, the period of time may be 1 ms, 3 ms, 5 
ms, 10 ms, 15 ms, 20 ms, 25 ms, 30ms, 35 ms, 40ms, 50 ms, 
60 ms, 75 ms, 100 ms, 150 ms, 200 ms, 300 ms, 500 ms, 750 
ms, 1 second, 2 seconds, or 5 seconds. Loss of air pressure 
(used to actuate charge head arm and current passing brushes) 
or detection of any vehicle movement while still docked may 
interrupt this pilot signal to stop charging in the shortest time 
possible. Any other fault or error detection may cause the 
charging to stop. 

While a vehicle is charging, one or more brushes that may 
be provided in a charging head 224 may contact a vehicle 
charging interface 230. Any other electrical connection may 
be established. When an error or fault is detected, the charging 
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may be stopped to eliminate or reduce the chance of current 
brushes retracting off the vehicle blade while current is still 
flowing. 

In some embodiments, a vehicle may dock with a charging 
station after a set of predetermined criteria have been met. 
Some examples of conditions that may be required to allow 
docking may include: (1) charge head arm up (detected home 
position sensor), (2) air pressure ok (pressure transducer), (3) 
charging brushes retracted (position sensor), and (4) charger 
status ok (CAN message from charger). 
Some implementations may include automatic battery 

charging process control system features. For example, com 
munication, via wireless CAN to a charger, of a vehicle bat 
tery state-of-charge may be provided. In some embodiments 
a requested charging Voltage and/or current may be provided. 
Brush current sensors may monitor individual brush currents 
and charging current can be altered (up or down) to maintain 
highest possible charge rate without forcing too much current 
through the brushes. The current may be monitored to provide 
any desired current for a condition. One or more sensor may 
also determine a brush position (e.g., whether a brush is 
extended or retracted). 

In some embodiments, a total required charge (kWh) may 
be tailored based on historical knowledge of energy con 
Sumption of vehicle. Historical usage, predicted future 
requirements, and knowledge of electrical charges and rate 
schedules may be considered and used to adjust both charge 
rate and vehicle charging frequency in order to minimize or 
reduce electrical demand charges and make the most efficient 
use of on-board energy storage. For example, if the next 
predicted charge of the vehicle is predicted to occur in a short 
interval and the battery state of charge is sufficiently high, it 
may be desirable to provide only minimal charging to the 
vehicle. In another example, if the next charge is predicted to 
occur after a long interval, it may be desirable to charge the 
vehicle more. 

In some embodiments, before or during charging, a sensor 
may provide one or more signal to a charging controller. In 
Some instances, the sensor may provide information about 
one or more error or alert state. For particular error or alert 
states, the system may react. For example, the system may 
react by stopping the process and/or altering a parameter of 
the process. For example, a temperature sensor may deter 
mine the temperature within a charging head. Over-tempera 
ture in the charging head may immediately stop charging 
process. 

FIG. 3 shows an example of a charging connection of a 
charging station. Any other types of charging connection may 
be used. A charging connection may include one or more 
brush 300. A brush may provide electrical contact between 
the charging connection and a vehicle charging interface. A 
brush may be formed of an electrically conductive material, 
Such as a metal, or any other conductive material discussed 
elsewhere herein. Abrush may have any form or shape, which 
may include bristles, a bar, a plate, one or more protrusions, 
one or more grooves, or even and/or uneven Surfaces. 
A brush may have a first position and a second position. In 

Some embodiments, the first position may be a retracted State 
and the second position may be an extended state. In some 
embodiments, a brush in the first position may not make 
electrical contact with the vehicle, and the brush in the second 
position may make electrical contact with the vehicle. For 
example, a brush in a retracted State may not be in electrical 
communication with a vehicle energy storage system. Simi 
larly, a brush in an extended State may be in electrical com 
munication with the vehicle energy storage system. 
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When a vehicle arrives at a charging station and is deter 
mined to correctly positioned, the brushes may be extended to 
contact a charging interface of the vehicle. When charging is 
complete and/or an error is detected, the brushes may be 
retracted and no longer contact the charging interface of the 
vehicle. As discussed previously, other charging configura 
tions or interfaces may be used. Other charging configura 
tions or interfaces may provide a first and second position for 
a part of a charging interface that may establish and break an 
electrical connection, respectively. 
Abrush may be extended automatically when the vehicle is 

determined to be in a desired position. A brush may also be 
extended in response to a signal or request to extend the 
brushes. Such a request may be made by a driver of the 
vehicle, oran operator of a charging station. Similarly, a brush 
may retract automatically when charging is complete or an 
error state is detected. A brush may also be retracted in 
response to a signal or request, which may be made by a driver 
or operator. 
Method 
FIG. 4 provides a high level depiction of an automated 

charging method in accordance with an embodiment of the 
invention. An automated charging method may include 
vehicle arrival detection, vehicle positioning, and vehicle 
charging. 

Vehicle arrival detection may identify that a vehicle is 
approaching a charging station. In some embodiments, the 
arrival detection may also identify the specific vehicle 
approaching or the type of vehicle approaching. Vehicle 
arrival detection may also be able to determine the location or 
the vehicle and/or the position of the vehicle with respect to 
the charging station. Other parameters associated with the 
vehicle, such as the speed and/or direction of the vehicle may 
be determined. Such vehicle arrival detection may be auto 
matic as the vehicle enters a predetermined proximity of the 
charging station. The detection may be provided when a 
signal emitted from the vehicle is received by the charging 
station. 

Vehicle positioning may include automated positioning of 
the vehicle. In some embodiments, as a vehicle approaching 
the charging station, the charging station may use information 
gathered during vehicle arrival detection to control the 
vehicle drive controls to bring the vehicle into a desired 
position. For example, the charging station may control the 
steering, acceleration and/or deceleration of the vehicle. In 
another example, one or more configuration of the charging 
station may be altered to accept the vehicle. A charging con 
nection may be made between the vehicle and the charging 
station. 

Vehicle charging may include the actual charging of the 
vehicle. The rate of charge and/or discharge of a vehicle 
energy storage system may depend on information gathered 
during vehicle arrival detection and/or vehicle positioning. 
For example, the battery state of charge or any historical/ 
predictive information about the vehicle may be used to deter 
mine whether to charge the vehicle or how much to charge the 
vehicle. When the desired amount of charging is complete, 
the vehicle may be disconnected. 

FIG. 5 provides a depiction of an automated charging 
method in accordance with an embodiment of the invention. 
The automated charging method may include the steps of 
identifying a vehicle arrival, locating the vehicle, connecting 
the charging arm with the vehicle, automatically positioning 
the vehicle, charging the vehicle, and procedures when charg 
ing is complete. In some instances, vehicle arrival detection 
may include identifying the vehicle arrival and locating the 
vehicle. Vehicle positioning may include connecting a charg 
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ing arm with a vehicle and automated vehicle positioning. 
Vehicle charging may include charging the vehicle and under 
going procedures when charge is complete. 

During vehicle arrival identification, the vehicle may 
approach the charging station. Signals may be exchanged 
between the charging station and the vehicle, thus allowing 
communications between the two. A driver may drive the 
vehicle to an approximate desired location. In some embodi 
ments, one or more guides may be provided that ma assist 
with directing the driver to the desired location. The vehicle 
may be identified. In some embodiments, the specific vehicle 
may be identified. Alternatively, the vehicle type may be 
identified. The vehicle position may be automatically con 
trolled. For example, the speed of the vehicle may be reduced. 
In some instances, the direction of the bus may also be con 
trolled. The station may determine whether the vehicle is 
meant to interface with the charging station. If the vehicle is 
not meant to interface with the charging station (e.g., if the 
vehicle is not an electric vehicle, or if the vehicle state of 
charge is Sufficient), nothing may occur and the vehicle may 
pass through or pass by the charging station. If the vehicle is 
meant to interface with the charging station, the vehicle loca 
tion may be determined. 

Locating the vehicle may involve receiving one or more 
signal to determine the position of the vehicle relative to the 
charging station. For example, one or more ultrasonic sensor 
may be used to detect when the vehicle passes a particular 
position. The sensor may be able to detect a locating feature of 
the vehicle. In some embodiments, a controller may deter 
mine whether a locating feature was sensed within an appro 
priate amount of time. If not, the bus may be determined to be 
out of position and a driver may try to reposition the bus. If the 
feature is detected within a desired amount of time, the bus 
may be determined to be in a desired position, and the bus 
may be automatically stopped. 

Connecting the charge arm to the vehicle may occur as the 
bus is within a desired location relative to the charge Station. 
For example, if a charge arm is overhanging the vehicle, the 
charge arm may be lowered onto a roof guide of the vehicle. 
The roof guide may have some tolerance that may enable the 
charge arm to contact the roof guide even if the bus is not at a 
very precise position. A controller may determine whether the 
charge arm is down. If the charge arm is not down, an error 
may have occurred, and the process may be stopped. If the 
charge arm is down, the procedure may continue. 
Automated vehicle positioning may occur after a charger is 

connected to the vehicle. The vehicle may automatically be 
put into a desired location. For example, a vehicle may be 
automated moved a particular amount within a desired speed 
limit. The vehicle may be automatically stopped when it is at 
a desired location. In some instances, the vehicle brakes may 
automatically be engaged. A controller of the system may 
determine whether the bus is at the desired location and that 
the brake is set. If not, then the controller may determine that 
an error has occurred. If no error is detected, and the vehicle 
is a passenger vehicle, such as a bus, the movement of the 
vehicle may be locked and passengers may be allowed off. 

Vehicle charging may occur after a vehicle is at a desired 
position and a connection is established between the charging 
arm and the vehicle. The charging arm may include one or 
more brushes, and may extend Such brushes to form electrical 
contact with the bus. A controller may determine whether the 
brushes have been extended. If the brushes are not extended, 
an error may be detected. If only some of the brushes are 
extended, the procedure may or may not continue. Once the 
brushes are extended, current flow may begin. One or more 
sensors may be provided which may check whether the cur 
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rent and temperature are within a desired range. If not, an 
error may be detected and the charging connection may be 
broken. If they are within the desired range, charging may 
continue until complete. 
Once charging is complete, one or more steps may be 

provided. For example, the system may log charge metrics 
and release brushes. A controller may determine whether 
brushes have been successfully released. If they have not, 
then an error may be detected and the connection between the 
vehicle and charging station may be broken. If no error is 
detected, the charge arm may be released and disconnected 
from the vehicle. For example, a charge arm may be lifted. 
The controller may detect whether the arm has been success 
fully lifted. If it has, charging may be complete, and the 
vehicle may be unlocked (e.g., a brake may be released). The 
driver may drive the vehicle away when ready. 

FIG. 6A-F provides a block diagram for a docking and 
charging procedure as provided in an embodiment of the 
invention. FIG. 7A-G provides a table describing the steps for 
an automatic docking and charging procedure. The features 
described in the block diagram and table may be used in 
combination or separately. The diagrams and table provide 
examples of steps for a docking and charging procedure in 
accordance with an embodiment of the invention, and any 
steps described therein may be optional, in a different order, 
may be exchanged with similar steps, or may have additional 
steps added thereto. 

FIGS. 6A and 7A provide an example of steps involved in 
identifying a vehicle arrival. In one example, the vehicle may 
be a bus, although any description herein may also apply to 
any other type of vehicle. A bus may near a charging station, 
as provided in step A. In some embodiments, a bus may be 
near a charging station at a predetermined distance from the 
charging station. The predetermined distance may be fixed or 
may vary based on circumstance. In some instances, the pre 
determined distance may be about 3000 feet or less, 2000 feet 
or less, 1500 feet or less, 1000 feet or less, 750 feet or less, 500 
feet or less, 300 feet or less, 250 feet or less, 200 feet or less, 
150 feet or less, 100 feet or less, 50 feet or less, or 10 feet or 
less. A vehicle controller on the bus may look for one or more 
signals (e.g., CAN messages from Bluetooth). The charging 
station may be waiting for a signal from the bus. For example, 
the charging station may be waiting for CAN messages from 
the bus. The charging station may perform periodic air pres 
Sure testS. 
As indicated in step B, signals may be exchanged between 

the bus and the charging station. For example, Bluetooth 
CAN may automatically begin communication with the bus. 
In some embodiments, one bus can be provided per CAN 
network. Alternatively, multiple buses may communicate 
over a CAN network, or other network. This may be desirable 
in situations where a charging station can accommodate mul 
tiple vehicles. 
When bus receives a signal, it may start a main routine 

(e.g., upon receipt of a charging station CAN message). This 
may set a charger readiness flag on the bus, upon receiving a 
good communication from the charging station. In some 
embodiments, a display may be provided, either at the charg 
ing station, or within the bus. The display may indicate which 
charge station to go to, or a status of the station (e.g., charging 
readiness). The display may also indicate to the driver the 
speed of the bus (e.g. mph). In some embodiments, a vehicle 
control system may apply a filter to the charge Station CAN 
messages based on the side of the charger. This may be done 
using RFID. The display may indicate whether a connection 
has been made. Preferably, such an indication may be pro 
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vided as soon as possible. A driver may be trained to stop by 
themselves if no connection signal is made. 

Meanwhile, the charging station may be checking for air 
pressure, and may check on the status of the charger. For 
example, the charging station may check for an ok from the 
charger. It may then send an ok to a charge flag. The charging 
station may also check on the status from RFID. The charging 
station may also determine that the charging arm position is 
up, and check so that any Subsequent ultrasonic sensor read 
ings may be accurate. 

Step C indicates that a driver may drive the bus to an 
approximate desired position. One or more guides may be 
provided to assist the driver with positioning. For example, a 
line may be provided on the pavement for left/right place 
ment. Additional types of guides may be used. For example, 
bars, flags, hanging lines, or other guides may be provided. 

In some instances, no control information may be provided 
for initial left/right placement of the bus. Alternatively, a 
display may indicate whether the driver should move more 
toward the left or right. The display may also indicate to the 
driver to slow down if the driver is going too fast. If the driver 
moves too fast, the bus may not be charged. 
A bus may be identified as indicated in step D. In some 

instances, RFID may be used to identify the bus, although any 
other signal may be used. The bus may be identified at a 
distance from the charging arm. In some embodiments, the 
distance may be about 100 feet or less, 50 feet or less 30 feet 
or less, 10 feet or less, 8 feet or less, 5 feet or less, 3 feet or less, 
1 foot or less from the charging arm. An RFID tag on the bus 
may result in the transmission of a bus ID CAN message. 
Upon receipt of that ID CAN message the bus may automati 
cally ramp its speed to a desired speed. One example of a 
desired speed may be about 15 mph or less, 10 mph or less, 8 
mph or less, 5 mph or less, 3 mph or less, 2 mph or less, or 1 
mph or less. In some embodiments, accommodations may be 
made to balance variations in distance of detection. Such 
variations may occur due to weather or other conditions. In 
Some instances, the speed ramping may be affected based on 
variations in detection distance. 
As indicated in step E, a controller may determine whether 

the bus is a bus that is intended to interface with the charging 
station. This may depend on the specific bus ID, or the type of 
the vehicle. This may or may not take into account the state of 
charge of the bus and/or any historic/predictive information. 
If the bus is not meant to interface with the charging station, 
no steps may be taken. Alternatively, steps not leading to 
charging the vehicle may be taken. 
The bus controls may monitor driver speed and disallow 

docking if the speed is too high. The bus speed may be 
provided on a display, whether or not auto control has taken 
place. A CAN message may be provided indicating whether 
RFID has detected the bus. A bus controller may ensure that 
the bus is in first gear, or operating at a desired speed. Upon 
receipt of the RFID CAN message, vehicle speed limiting 
may occur. For example, a vehicle speed may be ramped to 3 
mph or less, or 2 mph or less, or any other speed discussed 
elsewhere. The bus controls may wait for a signal from an 
ultrasonic sensor. In some instances, charging may be disal 
lowed if ride-height is not nominal. In some instances, a 
tolerance range may be provided for a bus ride height. For 
example, a height delta of 2 feet or less, 1 feet or less, 6 inches 
or less, 4 inches or less, 3 inches or less, 2 inches of less, 1 inch 
or less may be provided. The display may indicate when abus 
is at a desired position, and the bus may be stopped. 
The charging station control may communicate with the 

bus. In one example, RFID may come through the Ethernet, to 
a CAN gateway, or potentially from reader outputs. The 
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charging system controls may communicate with bus con 
trols. In some instances, control decisions may be made by the 
charging station controls, vehicle bus controls, or both. 

FIGS. 6B and 7B provide an example of steps involved in 
locating a vehicle. As provided in step F, a sensor may deter 
mine if a bus is at a desired position. For example, an ultra 
Sonic sensor may see the front of a bus pass under a charge 
arm. Then the sensors may be used to begin measuring bus 
position. In some embodiments, a bus’s Subsequent position 
may be detected using sensors or may be calculated based on 
data collected about the bus at specified points in time. For 
example, if a bus location, speed, and/or direction is known 
at a particular time, the bus Subsequent positions may be 
calculated or estimated. Bus wheel rotation count may assist 
with determining bus location. 

In step G, the system may wait for a sensor to see a locating 
feature (e.g., expected distance to a known item on a roof). 
For example, a bus may have a locating feature on a roof or 
any other part of the bus that may be detected by a sensor. In 
Some instances, one or more locating feature may be provided 
at the front of the bus, at the front of a roof guide, at a contact 
plate, at the rear of a roof guide and/or at a rear of the bus. 
Locating features may or may not be provided at specific 
measurement ranges. The sensors used to detect a locating 
feature may be ultrasonic, optical, mechanical, electrical, 
magnetic, thermal, or may include any other types of sensors 
described elsewhere herein. 
A vehicle controller and/or charging station controller may 

receive a CAN message containing distance measurement 
information from an ultrasonic sensor that indicates that the 
bus has passed under a charging arm. Distance integration 
may begin. One or more reset points may be provided, which 
may correspond to one or more locating feature. In one 
example, distance integration to a reset point 1 (beginning of 
Air Condition unit) may occur. A watchdog time to reset point 
1 may be based on average speed. Reset points may be spe 
cific measurements of an ultrasonic sensor. The time to reset 
point 1 may be stored in a register and checked against 
bounds. The system may continue integration from the front 
of the bus if time to reset point 1 is out of bounds. If the time 
is in bounds, integration to point 1 may be reset. The system 
may then begin distance integration to reset point 2 (back of 
Air Condition unit). The system may watchdog time to reset 
point 2 based on average speed. The time to reset point 2 may 
be stored in a register and checked against bounds. The time 
since initial start of integration may be checked as a potential 
back-up. The system may then wait for a final location point 
3 (e.g., portion of charge arm landing ramp that is lower by 
several inches), and time to this point may be carefully 
bounded. The left and right location of the bus relative to the 
charge arm may be verified by a final location point 3 distance 
measurement that may only be correct if the bus is positioned 
appropriately both front/rear and left/right. Any number of 
reset points (e.g., 1 or more, 2 or more, 3 or more, 4 or more, 
5 or more, 6 or more, 8 or more, 10 or more, etc.) may be 
provided at any location of the bus. The various reset posi 
tions and timing may be provided in accordance with an 
embodiment of the invention. 
The charging station may check for a proper signal from 

ultrasonic sensors. The signal may preferably be within a 
window allowing for ride height differences. 

At Step H, a controller may determine whether a locating 
feature was sensed in appropriate time. In one example, the 
appropriate time may be about 1 minute or less, 30 seconds, or 
less, 20 seconds or less, 15 seconds or less, 10 seconds or less, 
8 seconds or less, 5 seconds, or less, 3 seconds or less, 1 
second or less, 500 ms or less, 250 ins or less, 100 ins or less, 
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or 50 ms or less, or any other time frame discussed elsewhere 
herein. If the locating feature is not sensed, the bus may be out 
of position, and the driver mabe informed to try again. If the 
locating feature is sensed in the required amount of time, the 
bus position may be ok. 

If a final point measurement and time are both within the 
desired range, a bus controller may begin a bus stop routine. 
The doors may be disabled unless a parking brake is set, in 
case the bus driver stop the bus too soon. If a bus driver does 
stop a bus too soon, a display may indicate as Such. The 
display may also inform the driver that to charge the bus, the 
driver may need to release the brake and pull ahead slowly 
when safe. The bus may automatically stop when it is in the 
correct position. 

Step Jindicates that when a bus position is within a desired 
range, the bus may be automatically stopped. Abus controller 
may ramp the bus speed to Zero using regenerative braking. 
This may be done in as short a time as comfortably possible. 
The controller may wait for the bus to reach Zero speed. Then 
the bus may be shifted to neutral and a brake may be engaged. 
For example, the controller may apply rear door brake inter 
lock. A display may indicate that the bus is waiting for the 
charge arm to lower. The bus may move ahead automatically. 

FIGS. 6C and 7C provide an example of steps involved in 
connecting a charging arm with a vehicle. As provided in step 
K, a charge arm may be lowered onto a bus roof guide. The 
bus roof guide may have some tolerance build in so that the 
charge arm may engage with the roof guide even if the bus is 
not at a precise location. Sensors may detect when the charge 
arm starts to move, and when it is extended. In some embodi 
ments, the sensors may be able to detect this based on a sensor 
in an air cylinder of the charge arm. Any other sensors may be 
used to determine the position of a charge arm. 
A bus or charging station controller may be used to begin 

an arm-lowering Sub-routine. The bus controller may send a 
signal to the charging station that the bus is in position. This 
may cause the arm to be lowered. The arm movement may be 
checked. For example, the arm movement may be checked by 
loss of home position. The system may also check whether 
the arm cylinder is down and then wait for head down indi 
cation (ex. MicroSwitches). A charging station controller may 
actuate an arm down Solenoid. Any other type of actuator may 
be used to cause the arm to move. For example, motors, 
Solenoids, linear actuators, pneumatic actuators, hydraulic 
actuators, electric actuators, piezoelectric actuators, or mag 
nets may be used. The charging station may send the arm 
moving. The arm may move down. 

Step L may check whether the charge arm is down. For 
example, two Switches may close when charge arm is on a 
landing pad. If it lands short or to the side, both Switches may 
not make contact. If the arm is detected to not be down, an 
error CAN message may be provided. This may stop the 
procedure and a problem may be reported. If the arm is 
partially down, the arm may be lifted. A display may indicate 
to the driver call for assistance. Once all Switches are good, a 
bus controller may begin a final bus movement Subroutine. 

FIGS. 6D and 7D provide an example of steps involved in 
automated vehicle positioning. In step M, a bus drive mecha 
nism may be automatically controlled to place busin a desired 
position. For example, the bus may be automatically moved 
forward at a governed speed. In some instances, the bus may 
be moved forward about 20 feet, 15 feet, 12 feet, 10 feet, 7 
feet, 4 feet, 3 feet, 1 foot, or any other distance described 
elsewhere herein. In some embodiments, the governed speed 
may be about 10 mph or less, 8 mph or less, 5 mph or less, 3 
mph or less, 2 mph or less, 1 mph or less, or any other speed 
described elsewhere herein. The bus may move forward auto 
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matically, or the driver may be instructed to move the bus 
ahead and then it may automatically stop once a charge head 
is engaged with the bus. In some embodiments, one or more 
Switches may be provided to make contact when a bus is at a 
desired location. 
A bus controller may indicate on a display that the bus will 

move forward automatically and then stop to charge. The bus 
may also inform the driver to release a brake pedal. Alterna 
tively, the brake pedal may automatically be released. In some 
embodiments, a bus controller may check that the driver is off 
the pedal. The bus controller may send a motor torque signal 
as low as possible to move the bus slowly and smoothly. This 
may begin distance integration as soon as the bus moves to 
use a watchdog. The bus controller may wait for a pilot signal 
to indicate the charge head is in the correct position. 

Step N provides that a bus may be automatically stopped 
when a pilot signal and ground are made. This may indicate 
that the bus is at a desired position. In some instances, a bus 
controller may automatically stop the bus once it is in position 
using the same procedure as described in step J. Alternatively, 
a different procedure may be used. 

Step P may allow the bus to be automatically shifted to 
neutral and a brake may be automatically engaged. The brake 
may be a rear door brake interlock. Automatic stops may be 
accomplished by regenerative braking or by controlling a 
motor to Zero rpm. Once a bus is in final position, a rear door 
brake interlock may be automatically applied (to prevent the 
bus from rolling), and the bus may be shifted to neutral. In 
Some instances, a display may inform a driver to set a parking 
brake. The driver may be instructed to set a parking brake, or 
the parking brake may be automatically engaged. Once the 
desired brakes are engaged, the doors may be opened and 
charging may start. If the driver wants to drive away prior to 
setting the parking brake, he may step on the brake and shift 
to drive. This may release the rear door brake interlock. The 
doors may be prevented from opening to discourage this 
under normal circumstances. If the parking, brake had been 
set and charging started, releasing the parking brake may be 
Sufficient to stop charging. Releasing the parking brake dur 
ing charging may be considered an abnormal condition. 
Abus controller may apply regenerative braking to reduce 

the bus speed to Zero. The bus controller may also automati 
cally shift the transmission to neutral. Alternatively, a driver 
may be instructed to shift the transmission to neutral. The bus 
controller may apply a rear brake interlock. A display may 
indicate to the driver to set a parking brake to allow bus doors 
to open and the bus to charge. 

Step Q may allow a controller to check if the bus location 
is within a desired range, and whether the desired brakes are 
set. If this condition is not met, the procedure may be stopped. 
A problem may be reported and/or the arm may be lifted. The 
bus controller may check for a parking break. 

In accordance with step R, bus movement may be locked to 
allow passengers off. In some embodiments, an acceleration 
pedal may be disabled. The system may continuously check 
for a parking brake. Once the bus movement is locked, the 
doors may be allowed to open, and a display may indicate that 
the bus is charging. A charging station controller may check 
for a pilot signal from a charger prior to allowing charging. 

FIGS. 6E and 7E provide an example of steps involved in 
charging a vehicle. As indicated in step S, during charging, 
charge brushes may be extended from a charging arm of a 
charging station. Position sensors may be provided at each 
cylinder to indicate when a cylinder is home (not extended). 
A bus controller may begin a charging Sub-routine during 

charging. It may send a signal to extend a ground brush. It 
may wait for confirmation or a signal that a ground brush has 
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been extended. It may send an AC signal or tone to ensure that 
the ground is connected. If the ground is connected, the con 
troller may signal the charge brushes to extend. The charging 
station controller may provide a signal to extend a grounding 
brush air cylinder. The charging station controller may also 
extend charging brush air cylinders. 

Step T verifies whether the brushes are out. If they are not 
all out, but some brushes are out, the procedure may continue 
with some of the brushes not extended. Continued operation 
may be at a reduced performance in proportion to number of 
brushes not extended. If too many of the brushes are not out, 
an error may be indicated. A display may indicate report the 
problem. The charging arm may be lifted. 
Abus controller may wait for all brushes to extend. In some 

embodiments, there may be 1 or more, 2 or more, 3 or more, 
4 or more, 6 or more, 8 or more, 10 or more, 12 or more, 16 or 
more, 20 or more, 30 or more, 40 or more, or 50 or more 
brushes. The controller may wait for all brushes to extend, or 
may wait for a predetermined number of brushes to extend, 
As provided in step U, current flow may be initiated. In 

Some embodiments, the bus may control the charge process. 
The bus may send a CAN message to the charging station to 
begin the charge. Alternatively, the charging station controller 
may control the charge process. A bus controller may send a 
signal to the charging station that it is ok to start charging. The 
charger may report time to charge. 
A controller may determine whether the charging current 

or temperature falls within a desired range in step V. For 
example, a desired level of charging may be provided based 
on the bus battery state of charge, and/or historic/predictive 
factors. A desired charge characteristic (e.g., Voltage, current 
amplitude, pulsing, duration, etc.) may have a predetermined 
range. Similarly, a temperature may have a predetermined 
range. The current and temperature may be monitored peri 
odically or continuously. If they fall outside the desired 
ranges, a problem may be reported. The charging arm may be 
released and/or lifted. 

Step W may be to wait for the charge to complete. The 
charge may be applied for a predetermined amount of time. 
Alternatively, a vehicle state of charge may be monitored, and 
the charge may occur until the vehicle battery has reached a 
desired State of charge. In some instances, a display may 
indicate that the status is charging. The display may also 
indicate the time left to complete charging or the percent 
charging that has been completed. Any other status updated 
may be provided on a display while the bus is charging. AbuS 
controller may stop current flow if there is a loss of pilot, 
overtemperature indication, based on a report back from a 
battery management system, or a report back from a charger. 
A charging station may continuously monitor temperature 
Switches. The charging station may also dose distribution box 
COntactOrS. 

In step X, the system may determine when charge is com 
plete, or that a desired State of charge has been obtained. In 
Some embodiments, the desired State of charge may be when 
a vehicle battery has been fully charged. Alternatively, the 
desired State of charge may be any value based on historic/ 
predictive data for the vehicle. If the charge is not complete 
after a predetermined amount of time, an error may be 
reported. The charging arm may be released and/or lifted. A 
display may indicate to call for assistance. 

FIGS. 6F and 7F provide an example of steps involved 
when charging is complete. In step Y, charge metrics may be 
logged. For example, the initial battery state of charge, the 
charging parameters (e.g., Voltage, current amplitude, dura 
tion of charging, total power, faults, time, peak current, etc.), 
battery end state of charge, may be logged. In some instances, 
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the bus controller may be logging the charge metrics when the 
charge is complete. In some instances, the charge metrics may 
be recorded during charge. The charge metrics may be 
recorded on a bus data recorder. In some embodiments, they 
may be recorded only for the time being. Alternatively, they 
may be recorded for an extended amount of time. In some 
instances, the data may be manually retrieved. Alternatively, 
the data may be accessible and may be automatically 
retrieved. 

In step Z, a controller may determine whether brushes have 
been released. If the brushes have not been released the pro 
cedure may be stopped. A problem may be reported. If pos 
sible, the charging arm may be released and/or lifted. A dis 
play may be provided to call for assistance. 
A bus controller may begin a charge done Sub-routine. 

Charging may be stopped, and a signal may be provided to 
release brushes. The controller may wait for all brushes to be 
released and returned to a retracted (e.g., home) position. A 
signal may be provided to release ground. In some instances, 
the controller may wait for the ground to get home. Confir 
mation may be made that the brushes and ground have been 
returned to a home position. A signal may be provided to raise 
the charge arm. 

In response to a signal from the bus controller, the charge 
station may raise the charging arm. In some instances, the 
charge station controller may ensure that the arm has returned 
to a home position for the next time. 

In accordance with step AA, the charge arm may be lifted. 
A bus controller may wait for a loss of head micro switches 
(charge head not down) before allowing a driver to move. 

In step BB, the charge arm position may be verified. For 
example, based on air cylinder position, it may be determined 
whether a charging arm is up. If not, the procedure may be 
stopped and/or a problem may be reported. If the arm is 
Successfully up, the bus controller may release a rear-door 
brake interlock and allow movement. 
As indicated in step CC, when charging is complete the bus 

may be unlocked. A display may indicate to a driver that the 
charge is complete, and to release a parking brake and select 
a gear to drive away. As indicated in step DD, when the bus is 
charged, the parking brake may be released and the driver 
may select a drive option. The driver may proceed when 
ready. In some instances, a display may indicate a battery 
state of charge or a fuel gauge. For example, a full fuel gauge 
may be displayed. 
As previously mentioned any of the steps herein may be 

provided by one or more controller of the system. One or 
more bus controller or charging station controller may be 
provided. Any of the functions, which may be indicated to be 
performed by a bus controller or charging station controller 
may be performed by any other controller. In some embodi 
ments, tangible computer readable media may be provided to 
enable the functions to be carried out. The computer readable 
media may include logic, code, instructions to carry out Such 
steps. 
FIG.7G provides an example of steps involved in relation 

to different faults within the system. When a fault is detected, 
a fault Sub-routine may be run. The charger may be signaled 
to stop. Brushes may be released. The rear-door brake inter 
lock may be released. During a fault, bus movement may be 
allowed if the driveruses pedals and releases a brake. A signal 
may be provided to lift the arm up. Any fault code may be 
logged. A display may be provided indicating that charging 
has stopped and to contact Support. The display may include 
a number or normal trouble routine. 
A display may be provided to a driver and/or operator of a 

charging station. The display my be provided at a charging 
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station or on a vehicle. The display may be provided on a 
display device. Such as a screen. Some examples of display 
devices may include whether a particular charging station is 
ready or not ready (e.g., charging station 1 is ready, charging 
station 2 is not ready, etc.). The display may also indicate 
whether communication has been established. The display 
may also include driving instructions(e.g. please drive slow to 
5 mph) before the charge station or auto charging may not 
take place. Alternatively, the system may take control without 
providing Such instructions. In some instances, a display may 
indicate the speed of the vehicle (e.g., X.X mph). The speed 
may be precise. If the speed is acceptable, charging may take 
place, and the display may indicate as such. In some embodi 
ments, the display may indicate that the driver ought to be 
prepared to stop if required. The display may also instruct a 
driver to drive in a manner aligned with a driving guide. In 
some instances, if the driver strays too much to the left or right 
a warning may be provided. If the bus is moving too quickly, 
the display may indicate to the driver to slow down. The 
display may warn the driver that the vehicle may not charge if 
it comes in too quickly. 
The display may provide instructions for charging the bus. 

For example, the display may inform the user that to charge 
the bus, the brake may be released and to pull ahead slowly 
when safe. The bus may automatically stop. The display may 
indicate as a driver approaches the initial stop position, and 
the bus may automatically stop, and to release the brake if 
safe. The display may also indicate that while waiting for the 
charge arm to lower, the bus may move ahead automatically to 
charge, and to release brake if safe. Once abus is connected to 
a charger, the display may indicate as such, and instruct the 
driver to set a parking brake to start the charge and allow the 
vehicle doors to open. While the bus is charging, the display 
may indicate the battery state of charge or how much time left 
to charge. A fault may be indicated if the bus is not charged, 
and to contact maintenance. When charging is complete, 
instructions may be provided to select drive and release the 
parking brake when ready. If the bus is out of position, the 
display may indicate to drive around and try again (e.g., not 
backup). In some instances, password access may be granted. 
A diagnostic screen may be shown indicating battery specif 
ics and fault codes. 

It should be understood from the foregoing that, while 
particular implementations have been illustrated and 
described, various modifications can be made thereto and are 
contemplated herein. It is also not intended that the invention 
be limited by the specific examples provided within the speci 
fication. While the invention has been described with refer 
ence to the aforementioned specification, the descriptions and 
illustrations of the preferable embodiments herein are not 
meant to be construed in a limiting sense. Furthermore, it 
shall be understood that all aspects of the invention are not 
limited to the specific depictions, configurations or relative 
proportions set forth herein which depend upon a variety of 
conditions and variables. Various modifications in form and 
detail of the embodiments of the invention will be apparent to 
a person skilled in the art. It is therefore contemplated that the 
invention shall also cover any Such modifications, variations 
and equivalents. 
What is claimed is: 
1. A method of charging an electric Vehicle at a charging 

station, the electric Vehicle including a charging interface 
positioned on a roof and the charging station including a 
charging head configured to engage with the charging inter 
face to charge the electric Vehicle, comprising: 

automatically identifying the electric vehicle as the electric 
vehicle approaches the charging station; 
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determining that the approaching electric vehicle is sup 
posed to be charged at the charging station based upon 
the identification; 

automatically controlling a movement of the electric 
vehicle to position the electric vehicle with the charging 
interface positioned below the charging head; 

lowering the charging head to land on the charging inter 
face based on the identification; 

automatically moving the electric vehicle after lowering 
the charging head to engage the charging head with the 
charging interface; 

automatically stopping the electric vehicle when a pilot 
signal indicative of the engagement of the charging 
interface with the charging head is received; 

automatically shifting a gear of the electric vehicle to neu 
tral, and applying a brake of the electric vehicle after 
receipt of the pilot signal; 

electrically connecting the charging interface with the 
charging head; and 

activating current flow through the charging head to charge 
the electric vehicle. 

2. The method of claim 1, further including raising the 
charging head from the charging interface after charging is 
complete. 

3. The method of claim 1, further including determining a 
position of the electric vehicle relative to the charging station 
as the electric Vehicle approaches the charging station. 

4. A method of charging an electric vehicle at a charging 
Station, the electric vehicle including a charging interface 
positioned on a roof and the charging station including a 
charging head configured to engage with the charging inter 
face to charge the electric vehicle, comprising: 

automatically identifying the electric vehicle as the electric 
Vehicle approaches the charging station; 

automatically controlling a movement of the electric 
vehicle to position the electric vehicle with the charging 
interface positioned below the charging head; 

lowering the charging head to land on the charging inter 
face; 

automatically moving the electric vehicle after lowering 
the charging head to engage the charging head with the 
charging interface; 

automatically stopping the electric vehicle when a pilot 
signal indicative of the engagement of the charging 
interface with the charging head is received; 

automatically shifting a gear of the electric vehicle to neu 
tral, and applying a brake of the electric vehicle after 
receipt of the pilot signal; and 
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activating current flow through the charging head to charge 

the electric vehicle. 
5. The method of claim 4, wherein lowering the charging 

head includes detecting whether the charging head has landed 
in a desired region of the charging interface and raising the 
charging head from the charging interface if the charging 
head has not landed on the desired region. 

6. A method of charging an electric vehicle at a charging 
Station, the electric vehicle including a charging interface 
positioned on a roof and the charging station including a 
charging head configured to engage with the charging inter 
face to charge the electric vehicle, comprising: 

automatically identifying the electric vehicle as the electric 
Vehicle approaches the charging station; 

automatically controlling a movement of the electric 
Vehicle to position the electric vehicle with the charging 
interface positioned below the charging head; 

detecting features on the roof of the electric vehicle to 
position the electric vehicle with the charging interface 
positioned below the charging head; 

lowering the charging head to land on the charging inter 
face; 

automatically moving the electric vehicle after lowering 
the charging head to engage the charging head with the 
charging interface; 

automatically stopping the electric vehicle when a pilot 
signal indicative of the engagement of the charging 
interface with the charging head is received; and 

activating current flow through the charging head to charge 
the electric vehicle. 

7. The method of claim 1, wherein automatically moving 
the electric vehicle includes moving the electric vehicle at a 
governed speed. 

8. The method of claim 1, wherein automatically control 
ling a movement of the electric vehicle includes limiting a 
maximum speed of the electric vehicle. 

9. The method of claim 4, wherein automatically control 
ling a movement of the electric vehicle includes limiting a 
maximum speed of the electric vehicle. 

10. The method of claim 4, wherein automatically moving 
the electric vehicle includes moving the electric vehicle at a 
governed speed. 

11. The method of claim 6, wherein automatically control 
ling a movement of the electric vehicle includes limiting a 
maximum speed of the electric vehicle. 

12. The method of claim 6, wherein automatically moving 
the electric vehicle includes moving the electric vehicle at a 
governed speed. 
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